A non-universal axigluon in generalized chiral color models leads to flavor changing neutral currents (FCNCs) at tree level. We analyze phenomenologically the new contributions to B q (q=d, s) mixing and the related CP asymmetries (CPAs) that are generated by axigluon exchange. We find that although ∆m Bq can give a strict constraint on the parameters of b → q transition, the precise measurement of sin 2β J/ΨK 0 can further exclude the parameter space of b → d transition.
CPAs contradicts the expectation as the experimental result is [1] ∆A CP = A CP (π
whereas the SM prediction is ∆A CP (SM) = 0.025 ± 0.015 [2] . The large deviation from the SM prediction indicates a puzzle in the asymmetries and it is introduced in the literature as B → πK puzzle [3] . The second hint is observed in the time-dependent CPA of B s system, where CDF and DØ have shown an unexpected large CP phase in the mixing-induced CPA for B s → J/Ψφ and the two possible solutions are given by [1] 
at 90% confidence level (CL). Here, β s ≈ −0.019 [4] is the SM CP violating phase and φ NP s is the CP violating phase of new physics. The significant deviation from the SM prediction could be speculated by the contributions of new physics.
The third hint is observed in the like-sign charge asymmetry which is defined as [5] 
where N In order to explore the new physics and to avoid the uncontrollable QCD uncertainties, we will concentrate our study on the mixing parameter ∆m Bq , the charge asymmetry A b sℓ and the time-dependent CPA in B q oscillation, where QCD effects can be controlled well by Lattice QCD.
In the literature, many extensions of the SM such as chiral color models [11] [12] [13] [14] [15] [16] , Z ′ models [17] [18] [19] etc have been proposed. The flavor non-universal axigluon in the generalized chiral color models [20, 21] has been studied for solving the anomalous forward-backward asymmetry (FBA) in the top-quark pair production at the Tevatron [22, 23] . Although other models such as Z', diquarks models [24] etc may have significant contributions to the FBA, however, large gauge couplings and flavor changing effects should be introduced in which chiral color model does not need. Inspired by the effects of the axigluon on the top-quark FBA, we study the axigluon-mediated phenomena in B-meson system.
A flavor universal axigluon has flavor-conserving effects only. For non-universal axigluon which has different couplings to different quarks, flavor changing neutral currents (FCNCs) can be generated at tree level. This is achieved after transforming the weak eigenstates of the quarks into their physical eigenstates. As a consequence, many phenomena will be affected by these FCNC effects.
In this paper, we analyze in detail the non-universal axigluon contributions to the time-dependent CPAs in B q oscillation after taking into account the constraint from the mixing parameter ∆m Bq .
This paper is organized as follows. In Sec. II, we formulate the interactions of b → q transitions which are induced by flavor non-universal axigluon exchange. Accordingly, we derive the corresponding effective Hamiltonian for ∆B = 1, 2 processes. Furthermore, we discuss the contributions of the axigluon to the charge asymmetry A b sℓ and the timedependent CPAs for
analysis is presented in Sec. III. We give the conclusion in Sec. IV.
II. FORMALISM
In order to study the contributions of the non-universal axigluon to the FCNC processes, we start by writing the interactions of the massive color-octet gauge boson with quarks as depends on a specific model, e.g. ζ = −1 in Ref. [21] . For simplicity, we assume that the new exotic quarks which are required for anomaly free are very heavy and their effects are negligible. Hence, we still focus on three flavors for each up and down type quarks. Following the scenario in Refs. [20, 21] for solving the large top-quark FBA, we assume that the axigluon couplings to the third generation are different from their couplings to the first two generations. The left-and right-handed quarks are SU(2) doublet and singlet respectively.
Thus, after spontaneous symmetry breaking, the interacting and physical eigenstates can be related by unitary matrices as q χ = V Q χ q ′ with χ being the chiralities L and R and Q being up or down type quarks. Since Z is not a unit matrix, the FCNCs are arisen from the axial-vector currents and the corresponding Lagrangian is given by 
Therefore, the Lagrangian of b → q transition can be written as
with 33 where i = (1, 2, 3) denotes the family order of the same type Q quark. Based on Eq. (8), we study the impacts of non-universal axigluon exchange on ∆B = 2 processes and the time-dependent CPAs in B q system. By Eq. (8), the effective Hamiltonian for ∆B = 2 transitions which is generated by the tree-level axigluon mediation can be written as
where N C denotes the number of colors and we have used the identity
In order to calculate the B q −B q mixing, we write the relevant hadronic matrix elements to
To estimate the new physics effects, we employ the vacuum insertion method to calculate the above matrix elements, i.e.B q ∼B RL 1q ∼B RL 2q ∼ 1 [25, 26] . Additionally, in the heavy quark limit, we take m b ∼ m Bq . As a result, the transition matrix element for B q −B q oscillation mediated by axigluon exchange becomes
For reducing the number of free parameters, we will take the approximation
We note that the approximation
can be realized in hermitian Yukawa matrices [27] . By combining the contributions of SM and axigluon, the transition matrix element for ∆B = 2 can be formulated as
where the new parameters are defined by
and M
SM,q 12
is given by [28] 
with S 0 (x t ) = 0.784x
Hence, the mass difference between heavy and light B q is ∆m Bq = 2|M
, the time-dependent CPA through inclusive semileptonic decays can be defined as [29] 
where Γ 
Here, θ [8, 10] . Since a q sℓ is associated with the CP phases directly, a non-zero charge asymmetry will be an indication of CP violation. Accordingly, the like-sign charge asymmetry defined in Eq. (3) can be written as [5, 30] 
where f q is the production fraction of B q and
Using (5) and y s = 0.046 (27) , the asymmetry can be rewritten as
with c d = 0.506(43) and c s = 0.494(43) [5] .
Another important time dependent CPA can be defined by [29] 
with
where f CP denotes the final CP eigenstate, S f CP and C f CP are the so-called mixing-induced and direct CPAs, A f CP andĀ f CP are the amplitudes of B andB mesons decaying to f CP and
with η f CP and θ W are the CP eigenvalue of f CP and the weak CP phase respectively. Clearly, besides ∆B = 2 effects, the mixinginduced CPA is also related to the ∆B = 1 process. In this paper, we will concentrate on f CP = J/ΨK S and φK S for q = d and on f CP = J/Ψφ for q = s.
To calculate the decay amplitude of B(B) → f CP , we need to discuss the interactions of ∆B = 1 processes. With the approximation
with g ± = g V ± g A . Using Eq. (10), we can rewrite the last equation as
in which the new Wilson coefficients are expressed by
and the associated operators are
Besides the new free parameters that are introduced earlier, the non-leptonic B decays suffer from large uncertain QCD effects such as f CP |H b→qq ′ q ′ |B .
For estimating the new physics effects, we employ the naive factorization approach (NFA).
Under the NFA, we find that the related effective Wilson coefficients forB d → J/ΨK 0 and
With the results in Eq. (26), we clearly see that the influence of axigluon-mediated effects on J/Ψ(K 0 , φ) modes vanishes. In our analysis we neglect the nonfactorizable contributions as they are subleading and difficult to estimate. Now, only B → φK can display the axigluonmediated effects. Using NFA and the interactions of Eq. (25), the total decay amplitude of B → φK is written as
where H b→sss is the sum of the SM and axigluon effective Hamiltonian and a SM = a 3 +a 4 +a 5 with
Here, C 3−6 are the effective Wilson coefficients from the gluon penguin in the SM [28] . We note that the electroweak penguin contributions are very small and thus we neglect them.
Using V ts = −|V ts |e −iβs [29] , we can writē
with tan θ
.
By Eqs. (22) and (23), the mixing-induced CPA via B d → φK 0 decay is obtained as
while the CPAs through B d,s → J/Ψ(K S , φ) decays are given by
Although the measurement of sin 2β J/ΨK 0 has approached to the precision level, however, it might be difficult to tell if there exists new physics by measuring sin 2β J/ΨK 0 only. Nevertheless, one can investigate a new asymmetry defined by [31] 
which is less than 5% in the SM [31] . If a large value of ∆ β d is measured, it will be a strong hint for new physics beyond SM.
III. NUMERICAL ANALYSIS
So far, we have introduced seven new free parameters in the general chiral color models and they are: two gauge couplings g V,A , four parameters in the two complex quantities F Table I , where the relevant CKM matrix elements V tq =V tq exp(−iβ q ) are obtained from the UTfit Collaboration [32] , the decay constant of B q is referred to the result given by HPQCD Collaboration [33] , the CDF and DØ average value of ∆m Bs is from Ref. [1] and the SM Wilson coefficients of b →′q′ are obtained from Ref. [28] . Other inputs are obtained from particle data group (PDG) [29] . After setting up the inputs, we study the contributions of the axigluon to FCNC processes and their associated CPAs that are defined earlier. We start by exploring the allowed parameter space. Since the non-universal axigluon induces FCNCs at tree level, the observed B q −B q mixing parameter ∆m Bq will give a strict constraint on the parameter space. In Fig. 1(a) . Clearly, S Fig. 1(b) , we see that the allowed range is extended slightly. We note that due to the strict constraint of S . This is consistent with the results shown in Fig. 1(a) (14), (18) and (21) and the values given in Table I, Fig. 4(a) . From the figure, we find that large S J/Ψφ can be archived when A b sℓ is one order of magnitude larger than the SM prediction. Moreover, we also plot S J/Ψφ as a function of β NP s in Fig. 4(b) , where the solid, dashed and dash-dotted line denotes Therefore, we just show the latter case in Fig. 8(b) .
IV. CONCLUSION
In general, a flavor non-universal axigluon in generalized chiral color models can induce FCNCs at tree level. We study phenomenologically the axigluon-mediated effects on ∆B = 2 FCNC processes and the associated CPAs. We find that although ∆m Bq strongly constrain the free parameters, the precise measurement of S J/ΨK 0 can further exclude the parameter By the study, we find that the axigluon effects do not only preserve the negative sign in A b sℓ , but also enhance its magnitude by one order of magnitude larger than the SM prediction. Subsequently, the associated values of the parameters can also enhance the CPA S J/Ψφ and the CPA difference ∆ βq largely although they are only few percent in the SM.
